Androgen receptor (AR) inhibitors are used to treat multiple human diseases, including hirsutism, benign prostatic hypertrophy, and prostate cancer, but all available anti-androgens target only ligand binding, either by reduction of available hormone or by competitive antagonism. New strategies are needed, and could have an important impact on therapy. One approach could be to target other cellular mechanisms required for receptor activation. In prior work, we used a cell-based assay of AR conformation change to identify non-ligand inhibitors of AR activity. Here, we characterize 2 compounds identified in this screen: pyrvinium pamoate, a Food and Drug Administration-approved drug, and harmol hydrochloride, a natural product. Each compound functions by a unique, non-competitive mechanism and synergizes with competitive antagonists to disrupt AR activity. Harmol blocks DNA occupancy by AR, whereas pyrvinium does not. Pyrvinium inhibits AR-dependent gene expression in the prostate gland in vivo, and induces prostate atrophy. These results highlight new therapeutic strategies to inhibit AR activity.
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antagonist ͉ harmol ͉ pyrvinium T he androgen receptor (AR) is a member of the nuclear hormone receptor superfamily, which consists of a large group of ligand-regulated transcription factors. AR is expressed in many tissues and influences an enormous range of physiologic processes such as cognition, muscle hypertrophy, bone density, and prostate growth and differentiation (1) . However, AR signaling is directly linked to numerous diseases, including benign prostatic hyperplasia, alopecia, and hirsutism (2) . AR signaling also drives the proliferation of prostate cancer, even in the setting of therapies that reduce systemic hormone ligand levels, making AR the major therapeutic target for this malignancy (3) .
Before ligand binding, AR associates with a complex of cytoplasmic factors and molecular chaperones that maintain the receptor in a high-affinity ligand binding conformation (4) . AR signaling is initiated by binding of testosterone or the more potent dihydrotestosterone (DHT). This induces an intramolecular conformation change in AR that brings the amino (N) and carboxy (C) termini into close proximity. This occurs with a t 1/2 of approximately 3.5 min in cells treated with DHT (5), and does not occur in cell lysates (6) , suggesting that the induced conformation change is not protein autonomous, but depends on additional cellular factors. Activated AR accumulates in the nucleus, where it binds to DNA as a homodimer at specific androgen response elements to regulate gene expression. Transcriptional control by AR results from complex interactions with positive (i.e., co-activator) and negative (i.e., co-repressor) factors (1) . These co-regulatory factors fine-tune AR activity, and AR can even be activated in the absence of ligand by certain cross-talk pathways (7) .
Although AR activity is highly regulated, with many possible points for intervention, all existing approaches to block AR signaling ultimately target ligand binding to AR. This includes direct competition with competitive antagonists, and reduction of systemic ligand levels with chemical castration agents. We hypothesized that, by targeting AR signaling via alternative means, we could identify non-ligand AR inhibitors. These inhibitors might lead to new therapeutic approaches to treat androgen-dependent diseases, and new insights into the molecular mechanisms that control AR activity. We previously used a cell-based assay of ligand-induced conformational change in AR to identify multiple non-competitive antagonists (6) . Here, we evaluate the 2 most potent AR inhibitors, pyrvinium pamoate (PP), a Food and Drug Administration-approved drug (8, 9) , and harmol hydrochloride (HH), a natural product (10) .
Results

PP and HH Are Potent, Synergistic Anti-Androgens in Cultured Prostate
Carcinoma Cells. We began by testing the ability of PP and HH (Fig. 1A) to inhibit endogenous AR activity in 2 prostate cancer-derived cell lines: LNCaP, which expresses an AR mutant with reduced specificity for DHT, and which responds to hydroxy-flutamide (OH-F) as an agonist (11) , and LAPC4, which expresses WT AR (12) . These cells were transfected with androgen-responsive firefly luciferase reporter and androgenunresponsive renilla luciferase reporter plasmids. PP and HH inhibited AR signaling more potently than the competitive antagonists OH-F or bicalutamide (BiC) (Fig. 1B) . Neither drug induced reporter activity in the absence of DHT. When the pamoate counter ion of PP was replaced with chloride, the resultant compound was equally potent, confirming pyrvinium as the active component (Fig. 1B) .
The potencies of various combinations of PP, HH, and BiC were examined using this assay (Fig. 1C) . A 1:1 combination of PP and BiC was synergistic in LAPC4 cells, using combination indices as a gauge (13) . The same combination appeared synergistic in LNCaP cells as well, although a 1:10 combination was more powerful. A 1:1 combination of HH and BiC displayed strong synergy in both LNCaP and LAPC4 cells, as did a 1:10 combination of HH and PP. The synergy observed between these compounds suggests that BiC, HH, and PP each regulate AR signaling by distinct mechanisms.
Next we quantified the transcript levels of 6 endogenous androgen-responsive genes (14) (15) (16) (17) (18) (Fig. 1 A) . Nonetheless, we carried out 2 experiments to search for patterns of inhibition characteristic of competitive antagonists. First, we titrated DHT in LAPC4 cells transfected with an androgen-responsive firefly luciferase reporter in the presence or absence of 1 M OH-F, 100 nM PP, or 300 nM HH ( Fig. 2A) . As expected, the competitive antagonist OH-F shifted the DHT dose-response curve to the right, without preventing the maximal DHT response. In contrast, PP and HH blocked maximal AR activity, and excess DHT could not overcome this inhibition. These responses are most consistent with PP and HH being non-competitive inhibitors. To rule out effects on DHT binding to AR, LAPC4 cells were incubated with 1 nM [ 3 H]DHT and unlabeled inhibitors (Fig. 2B) Subtle changes in AR conformation are thought to translate to discrete downstream AR activities (19, 20) . The synergy between PP and HH suggested that, although both drugs inhibit ligand-induced conformation change, they function by distinct mechanisms to prevent AR transcriptional activity. Neither inhibitor affected AR expression levels or nuclear localization following DHT treatment (data not shown). Thus, we used LNCaP cells were treated with the indicated compounds for 4 h, followed by crosslinking, sonication, and immunoprecipitation with anti-AR or anti-RNA pol II antibodies. AR-(C) or RNA pol II-(D) bound chromatin was isolated and occupancy was quantified by quantitative PCR using primers specific to known AR-binding sites (C) or sites Ϫ2257 to ϩ995 bp from the PSA transcription start site (D). Primers specific to the HSPA1A promoter were used to control for non-specific occupancy (31) . BiC and HH displaced AR from regulated promoters, whereas PP had no effect, although all 3 AR inhibitors prevented recruitment of RNA pol II to the PSA promoter. Error bars indicate SEM (8 biological replicates).
chromatin immunoprecipitation (ChIP) to test for effects of each compound on AR occupancy at AR binding sites (ARBSs) located near androgen-responsive genes. The androgenunresponsive heat shock protein 70 (HSPA1A) promoter was a negative control. In the absence of DHT, neither PP nor HH affected AR promoter occupancy (Fig. 2C ). DHT stimulated AR occupancy of binding sites near androgen-induced genes (ARBSs 2.10, 3.25, 6.35, 12.13, 14.04, and androgen response element III) and androgen-repressed genes (ARBSs 4.15, 8.04) in LNCaP cells. In the presence of DHT, HH and BiC each reduced receptor occupancy of ARBSs. In contrast, PP did not appreciably affect DHT-induced AR occupancy of ARBSs. BiC treatment alone modestly recruited AR to ARBSs, in accordance with previous findings (21) (22) (23) . To assess the effect of each compound on RNA polymerase II (RNA pol II) recruitment, we carried out ChIP experiments to evaluate occupancy at various points along the PSA promoter. LNCaP cells were treated with each compound, followed by immunoprecipitation with a monoclonal antibody against RNA pol II. We used a series of primers to test for RNA pol II occupancy from Ϫ2,257 to ϩ995 bp from the PSA transcription start site. DHT treatment resulted in accumulation of RNA pol II at the start site, whereas treatment with PP, HH, or BiC reduced RNA pol II occupancy (Fig. 2D) . In conjunction with their synergy in transcription assays, these results indicate that PP and HH inhibit AR signaling by independent mechanisms. Whereas HH blocks AR promoter occupancy, PP permits promoter occupancy, but blocks subsequent RNA pol II recruitment.
The ability to inhibit the androgen dependent growth of cells is a hallmark of anti-androgen activity. LNCaP cells depend on androgens to proliferate in culture, so we tested for growth inhibition by PP and HH. PP was more effective than either HH or BiC, although all inhibited the growth of LNCaP cells (Fig.  3A) . LNCaP cells over-expressing WT AR (LN-AR) do not require androgens for proliferation (3). As previously described (3), BiC did not inhibit the proliferation of these cells (Fig. 3B) . HH reduced the growth, but not significantly, whereas PP potently blocked LN-AR proliferation. The control HEK293 cells were not significantly affected by any of the compounds (Fig. 3C) . Taken together, these results indicate that both PP and HH can inhibit AR-dependent cell proliferation, although PP is more potent.
Our next step was to determine whether the anti-androgen activities observed in vitro would extend into animals. We first determined the approximate half-life and toxicity of PP and HH. A single 5-mg/kg dose of PP or 2-mg/kg dose of HH was administered to male FVB mice by i.p. injection or oral gavage. The plasma concentration of PP was much greater in mice after i.p. administration (Fig. 4A) . HH was too rapidly metabolized to be evaluated further in vivo. PP was toxic at i.p. doses of 5 mg/kg or greater when administered for 2 weeks. PP at 1 mg/kg caused a mild reduction in body weight in the first 3 days of treatment, whereas mice given less than 1 mg/kg PP showed no adverse effects (data not shown). Weight loss was averted by escalating the dose of PP from 0.1 mg/kg to 1 mg/kg over the first week of treatment. These data were consistent with the results of the National Cancer Institute's in vivo tumor screen (http:// dtp.nci.nih.gov). PP serum levels 24 h after the final dosing were approximately 5 ng/mL, indicating that the pharmacokinetics of PP given chronically were similar to those of a single dose (Fig.  4A) , and that PP did not accumulate during the course of this experiment. The concentration of PP in the plasma ranged from approximately 150 nM to 20 nM using this once-daily dosing regimen-well within its efficacious range. These experiments indicated it was feasible to carry out a study of in vivo efficacy of PP as an anti-androgen.
Androgen deprivation in vivo causes global prostate atrophy, and castrated mice have reduced prostate size accompanied by characteristic changes at the cellular level (24) . Thus, we examined the effects of PP in mice, using prostate size, gene expression, and morphologic changes as indicators of anti-androgen activity. Cohorts of 9 to 10 litter-controlled FVB male mice were treated for 4 weeks with PP (escalated over 10 d to 1 mg/kg), BiC (100 mg/kg), a combination of the two, or vehicle controls. An additional cohort was castrated at the onset of the study as a positive control. Weights of the mice did not vary significantly among the treatment populations (data not shown). After 4 weeks, animals were killed, and the prostates were dissected and weighed, including equal portions of each lobe for histochemical analysis and RNA extraction. We used ANOVA to test for differences among treatment groups. PP alone caused a 9% reduction in prostate weight compared with the vehicle-treated group, which was not statistically significant (P ϭ 0.3). The remaining treatments all caused significant changes in prostate weight. BiC caused a 35% reduction, and combining BiC with PP caused a 63% reduction in prostate weight. This was not significantly different from the 74% reduction observed in the castrated group (Fig. 4B) , suggesting that combination treatment was as effective as castration.
We measured AR-regulated transcript levels in the prostate via quantitative PCR. We included the probasin gene (25) instead of PSA, which is not expressed in mice. All 4 treatments significantly decreased the level of TMPRSS2, Nkx3.1, probasin, PSP94, and FKBP51 transcripts (Fig. 4C ). PP and BiC had similar effects. In every case, their combination was more effective than either drug alone, and in most cases this difference was significant. Castration consistently resulted in the greatest decrease in androgen-responsive transcripts. Importantly, at 4 of 5 genes, this decrease was not significantly different from the combination treatment.
Hematoxylin and eosin staining of the prostate revealed changes characteristic of androgen deprivation in all prostate Fig. 3 . Inhibition of androgen-dependent and independent growth. The proliferation of LNCaP, LN-AR, and HEK293 cells in the presence or absence of 3 nM DHT and indicated drugs was determined, using DAPI staining to measure the DNA content of the cells in 12 independent replicates for each condition. PP significantly inhibited the growth of both LNCaP (i.e., androgendependent) and LN-AR (i.e., androgen-independent) cells at day 7 (ANOVA, P Ͻ 0.0004), whereas BiC and HH inhibited the growth of only LNCaP cells (ANOVA, P Ͻ 0.03). Control HEK293 cells were unaffected.
lobes, including loss of columnar architecture, decreased secretory protein, thickening of the stromal layer, and dead cell accumulation in the lumen (Fig. 4D) . Taken together, these data indicate that combination treatment with a competitive (i.e., BiC) and non-competitive (i.e., PP) AR inhibitor is nearly as powerful as castration, using the prostate as a physiologically relevant biomarker.
Discussion
Our prior work has indicated that ligand-induced conformational change in AR is separable from ligand binding. Here we have characterized 2 potent, non-ligand AR inhibitors, PP and HH, each of which synergizes with a competitive antagonist in vitro. We have used these inhibitors to demonstrate AR antagonism in vitro and in vivo that is not based on competition for ligand binding. Synergy between PP and BiC appears to be present in vivo, as PP causes morphologic changes consistent with androgen deprivation, reduces AR-dependent gene expression, and augments the inhibitory activity of BiC at the prostate gland in experimental mice. Although PP alone did not have a statistically significant effect on mouse prostate size, it had significant effects on prostate gene transcription and altered the histology of the prostate comparable to BiC alone.
Several lines of evidence suggest that HH, PP, and BiC each function by a unique mechanism, including their synergy with each other, the lack of effect of PP and HH on ligand binding, and the different effects of PP and HH on AR promoter occupancy (Fig. 5) . BiC binds the ligand binding pocket of AR, thus preventing DHT binding. HH and PP do not prevent DHT binding, yet they block ligand-induced conformation change and inhibit subsequent AR activity. Neither drug affects AR protein stability or nuclear accumulation. ChIP experiments suggest that HH blocks AR binding to response elements. In contrast, PP does not block DNA binding by AR, but prevents the subsequent recruitment of RNA pol II to initiate transcription of ARregulated genes (Fig. 5) .
The targets of these novel anti-androgens remain to be identified. We predict either that PP and HH directly bind AR to prevent normal conformation change, or that they target co-regulator proteins or cross-talk pathways that are necessary for ligand-induced conformation change. Of note, a recent study has found that harmine, a compound that is structurally very similar to harmol, and which also inhibits AR in our assays (data not shown), regulates PPAR-␥ activity by an indirect mechanism, perhaps via effects on Wnt signaling (26) . HH may inhibit AR in a similar fashion.
A clear implication of our work, and that of others, is that there are multiple intracellular targets to inhibit AR, and potentially other NRs. It is known that small molecules that target heat shock proteins (27, 28) , histone deacetylases (29) , and several kinases, including HER2/neu kinase (30), can influence AR activity. The pattern of inhibition we have found is not consistent with Hsp90 blockade, and we have observed potency that exceeds that reported for other inhibitors. Thus, we suspect that PP and HH do not function via previously identified mechanisms. Identification of intracellular factors that mediate the effects of these compounds could vastly improve our understanding of nuclear receptor biology. Our work also indicates that it may be possible to develop effective, non-competitive AR antagonists that could have a significant impact in many diseases.
Materials and Methods
Cell Culture. LNCaP and LN-AR cells (a gift from Charles Sawyers, Los Angeles, CA) were maintained in RPMI 1640 media supplemented with sodium bicarbonate, glutamine, Hepes, antibiotics, and 10% FBS. LAPC4 cells were maintained in phenol red-free RPMI 1640 media supplemented with antibiotics and Litter-mate-controlled FVB male mice were treated for 4 weeks with 100 mg/kg oral BiC (n ϭ 9), an escalating dose of i.p. PP to 1 mg/kg (n ϭ 9), or a combination of these treatments (n ϭ 9). Cohorts of mice were castrated at the onset of the study (n ϭ 9), or were sham-treated with i.p. and oral vehicles (n ϭ 10). (B) Prostate wet weight was measured as a proximal marker of anti-androgen potency. (C) Quantitative PCR was performed on reverse-transcribed RNA isolated from mouse prostate tissues. Transcripts for each gene were normalized to RPL19, an androgen-unresponsive gene. (ANOVA, *P Ͻ 0.05; **P Ͻ 0.01; ***P Ͻ 0.001; ns, no significant difference between indicated populations; error bars indicate SEM.) (D) Representative sections of dorsal prostate from each treatment group were stained using hematoxylin and eosin. Substantial prostate atrophy is present in castrated and combination treatment samples. Signs of androgen deprivation are also visible in the samples of mice treated with BiC and PP alone. Note the loss of columnar epithelial architecture (white arrows), decreased secretory protein, increased nuclear staining, a relative thickening of the stromal layer, and dead cell accumulation in the lumen (black arrows). 10% FBS. BiC was a gift of Ingo Mellinghoff (Los Angeles, CA), PP was purchased from MP Biochemicals, and all other compounds were purchased from Sigma.
Cell Proliferation Assays. For growth curves, cells were transferred to charcoalstripped (C/S) media 3 days before they were split and plated at a density of approximately 20,000 cells/well in 48-well plates, in quadruplicate. The assay was repeated 3 times. The following day, medium with or without 3 nM DHT and with or without PP, HH, or BiC was added to the cells. Media were changed daily. Proliferation was determined by measuring the DNA content of the cells in each well. Each day, the cells were fixed in 100% cold methanol, followed by staining for 5 min at room temperature with 0.2 ng/mL DAPI in PBS solution. The cells were washed with PBS solution, then read on a fluorescence plate reader using 365/439 excitation/emission wavelengths. A Student t test was used to determine significant differences among populations. Dowex Ion Exchange. Dowex 1 ϫ 8 200 -400 Mesh Cl (Sigma) was washed in ethanol followed by 0.5M NaOH to remove ions and water to neutralize. The Dowex was then washed with 0.5M HCl to charge the matrix and water to neutralize. PP (100 mg) in a 2% DMSO solution was incubated with the Dowex for 1 h at room temperature. The resultant supernatant was retrieved by filtration (2 m). Pyrvinium with chloride counterion was lyophilized and the powder resuspended in water. The purity was examined by MS and found to be Ͼ99%.
Transcription Assays and Statistics. For all transfections, pools of cells were transfected using Lipofectamine Plus (Invitrogen) with pRL-SV40 (Promega) and PSA-luciferase (The region from Ϫ4,882 to ϩ12 relative to the transcription start site of PSA was amplified from human genomic DNA by PCR and inserted into pGL4.10 (Promega). This region has been shown to induce expression of a similar luciferase reporter gene upon treatment with androgen (14) . The following day, the cells were re-plated, drugs were added, and 24 h later luciferase production was measured (Dual luciferase assay kit; Promega). Mean-effect plots (log[compound] vs. log[fractional effect]) were generated to determine the IC 50 values for each compound or combinations of compounds at constant ratios. Microsoft Excel was used to calculate the statistics for a line using the least-squares method. The F statistic was used to determine whether the observed relationship between the dependent and independent variables occurred by chance. Only data with an r 2 value greater than 0.95 and an F value that was greater than that indicated by the F table for an ␣ of 0.05 were used for analysis. The methods of Chou and Talalay (13) were used to determine whether 2 compounds had antagonistic, additive, or synergistic reactions toward each other. Briefly, a combination index (CI) was established for a range of fractional effects, where a CI of approximately 1 indicates additivity, a CI Ͼ1 indicates antagonism, and a CI Ͻ1 indicates synergy. The CIs were based upon a non-exclusive assumption, which was indicated by the slope of the line of the combination of drugs from the mean-effect plot. However, CIs based upon an exclusive assumption were similar.
RT-PCR and Statistics. LNCaP and LAPC4 cells were grown in media containing C/S FBS in the presence or absence of test compounds for 24 h. Total RNA was isolated from cells in culture plates using an RNAeasy kit (Qiagen) and reversetranscribed (MMLV-RT; Invitrogen). Primers used to detect human transcripts in these studies are as follows: RPL19, sense 5Ј-ATGTATCACAGCCTGTACCTG-3Ј; antisense, 5Ј-TTCTTGGTCTCTTCCTCCTTG-3Ј; kallikrein 3, sense 5Ј-CCCGAGCAGGTGCTTTTG-3Ј; antisense, 5Ј-GGAGTTCTTGACCCCAAA-3Ј; Nxk3.1, sense 5Ј-TTCTCCCACACTCAGGTGATC-3Ј; antisense, 5Ј-GTGAGCTT-GAGGTTCTTGGC-3Ј; FKBP51, sense 5Ј-CTGTGACAAGGCCCTTGGA-3Ј; antisense, 5Ј-CTGGGCTTCACCCCTCCTA-3Ј; TMPRSS2, sense 5Ј-cagcaagtgctccaactctg-3Ј; antisense, 5Ј-ACACACCGATTCTCGTCCTC-3Ј; MMP16, sense 5Ј-TCCTTGAGGATGGATCTTGG-3Ј; antisense, 5Ј-TCTCCTCAGGGAGCATTTGT-3Ј; and RDC1, sense 5Ј-CCAGTCTGGGTGGTCAGTCT-3Ј; antisense, 5Ј-CTCATG-CACGTGAGGAAGAA-3Ј. Primers used to detect mouse transcripts were as follows: probasin, sense 5Ј-ATCATCCTCCTGCTCACACTGCATG-3Ј; antisense, 5Ј-ACAGTTGTCCGTGTCCATGATACGC-3Ј; RPL19, sense 5Ј-ATGTATCACAGC-CTGTACCTG-3Ј; antisense, 5Ј-TTCTTGGTCTCCTCCTCCTTG-3Ј; MMP16, sense 5Ј-CCTGAATCACCTCAGGGAGC-3Ј; antisense, 5Ј-ATCACAGCCCATAAAGTCCT-3Ј; Nkx3.1, sense 5Ј-TTCTCTCACACTCAGGTGATT-3Ј; antisense, 5Ј-GTGAGTTT-GAGGTTCTTGGC-3Ј; FKBP51, sense 5Ј-CTGCGACAAGGCCCTTGGA-3Ј; antisense, 5Ј-CTGGGCCTCGCCCCTTCTG-3Ј; RDC1, sense 5Ј-CCCGTCTGGGTGGTCAGTCT-3Ј; antisense, 5Ј-CTCATGCAGGCGAGGAAGAA-3Ј; and TMPRSS2, sense 5Ј-GAACCCAGGCATGATGCTAGA-3Ј; antisense, 5Ј-CACCCCGAAATCCAGCATT-3Ј. For studies on mouse prostates, tissue was frozen in RNA Later (Qiagen) and mechanically homogenized before RNA isolation. Qiagen Taq and reagents were used for amplification, and each sample was measured in triplicate in 96-well plates. Real-time PCR was carried out on a 7300 Real Time PCR System (Applied Biosystems), using SYBR green (Invitrogen) as the detecting dye and Rox (Invitrogen) as the reference dye. Differences between experimental (x) and no-DHT control (y) samples were normalized to RPL19 transcript levels (i.e., androgen-unresponsive) and determined with the following calculation:
. To test for differences in means, ANOVA methods were used for planned comparisons between treatment groups that were defined by linear contrast statements.
Radioligand Competition Binding Assay. LAPC4 or LNCaP cells (5 ϫ 10 5 ) were seeded in 12-well plates in phenol red-free media containing 5% C/S FBS. After 3 days, media were replaced with serum-free media containing 1 nM [ 3 H]DHT in the absence or presence of 0.1-1,000-fold molar excess of unlabeled competitor ligands for 90 min at 37°C. Cells were washed with phosphate buffer, and bound ligand was extracted in ethanol for 30 min at room temperature and detected using a scintillation counter. Curve fitting and IC50 calculations were performed using Prism software (GraphPad).
ChIP. ChIP assays were performed as described (31) with the following modifications. LNCaP cells in medium containing C/S FBS were treated with 0.1% DMSO vehicle, 10 nM DHT, 10 nM DHT plus 10 M BiC, 10 nM DHT plus 300 nM PP, or 10 nM DHT plus 300 nM HH for 4 h at 37°C, 1% formaldehyde for 3 min as the dishes cooled from 37°C to 22°C, and 125 mM glycine for 10 min as the dishes cooled from 22°C to 4°C. Cells were lysed in immunoprecipitation lysis buffer (50 mM Hepes-KOH, pH 7.4, 1 mM EDTA, 150 mM NaCl, 10% glycerol, 0.5% Triton X-100, supplemented with protease inhibitors) and harvested by scraping. Nuclei were collected by centrifugation (500 ϫ g for 5 min at 4°C), resuspended in 2 mL of radioimmunoprecipitation buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA, 150 mM NaCl, 5% glycerol, 0.1% sodium deoxycholate, 0.1% SDS, 1% Triton X-100, supplemented with protease inhibitors), and sonicated until an average DNA fragment size of 100 -500 bp was achieved (assessed by agarose gel electrophoresis). For Ϸ10 7 LNCaP nuclei, 6 g of anti-AR antibody (PG-21; Upstate) or 10 g of anti-RNA pol II (clone 8WG16; Covance) was used for immunoprecipitation. Immunoprecipitated material was washed with radioimmunoprecipitation buffer containing 300 mM NaCl plus 100 g/mL yeast tRNA and resuspended in 80 L of proteinase K solution (pH 8.0, 0.7% SDS, 200 g/mL proteinase K). After reversing cross-links, DNA fragments were purified using QIAquick PCR Purification kit (Qiagen). Real-time PCR was carried out as described earlier, and ChIP data were normalized to a region 140 bp upstream of the HSPA1A gene, which is not occupied by AR. Differences between experimental (x) and no-DHT control (y) samples were determined with the following calculation: (2 [Ctxgene1 Ϫ Ctygene1] )/(2 [CtxHSP1A1 Ϫ CtyHSP1A1] ).
Mouse Studies.
All experiments were performed with institutional review board regulatory approval in collaboration with the preclinical therapeutics and mouse pathology core facilities at the University of California, San Francisco. All mice used in these studies were male, FVB-background mice, greater than 10 weeks of age. For studies measuring the availability of compounds in plasma, mice were given compounds in 100-L doses of saline solution with 1% DMSO, either by mouth or i.p., and plasma samples taken at the indicated times. PP and HH were measured by LC/MS/MS method. Briefly, mouse plasma (20 L) was added to 100 L of 70% CH3CN and vortexed for 1 min, then centrifuged at 10,000 rpm for 5 min. The supernatant was transferred to an auto-sampler vial and 10 L was injected into LC/MS/MS. The LC/MS/MS conditions were set as follows: column, C8, 4.6 ϫ 50 mm; mobile phase, 60% CH3CN, 0.05% acetic acid and 5 mM ammonium acetate for PP and 14% CH3CN, 1.8% methanol, 0.1% formic acid for HH. The flow rate was set at 1.2 mL/min and 1/4 of elution from the column was split to the mass system. Compounds were monitored in electrospray ionization-positive multiple reaction monitoring mode at 382. For efficacy studies, mice were administered PP by IP injection or BiC by PO (capsule crushed and re-suspended in saline solution) once daily (M-F) for 4 weeks. The dose of PP was escalated over the course of the study (0.1 mg/kg for the first week, 0.3 mg/kg for the second week, 1.0 mg/kg for the final 2 weeks). Two mice died from fighting at the onset of the study, and one mouse each from the BiC-and PP-treated groups died from unrelated causes during the study, leaving 10 mice in the untreated group and 9 mice in the others. At the end of the study, mouse liver and prostate were dissected, extraneous tissue was removed, and the wet weights were recorded. ANOVA was used to detect differences among treatment groups. The prostate was dissected along an axis such that each of the lobes was equally represented in each half, and one half was fixed in formalin and paraffin-embedded. Tissue sections were stained with hematoxylin and eosin. The other half was frozen in RNA-later (Qiagen) for RT-PCR.
